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We have investigated electronic structures of antiperovskite GaCMn3 and related Mn compounds
SnCMn3, ZnCMn3, and ZnNMn3. In the paramagnetic state of GaCMn3, the Fermi surface nesting
feature along the ΓR direction is observed, which induces the antiferromagnetic (AFM) spin ordering
with the nesting vectorQ∼ ΓR. Calculated susceptibilities confirm the nesting scenario for GaCMn3
and also explain various magnetic structures of other antiperovskite compounds. Through the band
folding effect, the AFM phase of GaCMn3 is stabilized. Nearly equal densities of states at the Fermi
level in the ferromagnetic and AFM phases of GaCMn3 indicate that two phases are competing in
the ground state.
PACS numbers: 71.18.+y; 71.20.−b; 75.10.−b
Due to recent observations of giant-magnetoresistance
(GMR) phenomenon in GaCMn3 [1,2] and superconduc-
tivity in MgCNi3 [3], compounds with antiperovskite
structure have attracted great attention. Especially, an-
tiperovskite manganese compounds that exhibit intrigu-
ing magnetic structures have been studied intensively
[4–7]. Although the antiperovskite structure has an anal-
ogy to the perovskite oxides, their physical properties are
very different. The antiperovskite structure locates tran-
sition metal elements at the octahedral corners, not at
the centers. For example, in the antiperovskite GaCMn3,
C is centered in the octahedron composed of six Mn
atoms, and Mn has only two nearest neighbor C atoms
in contrast to the perovskite oxides in which a transition
metal has six nearest neighbor oxygens.
GaCMn3 exhibiting the GMR phenomenon has the an-
tiferromagnetic (AFM) phase in the ground state [4].
Spins located on the (111) plane are ferromagnetically
coupled and polarized collinearly along the [111] direc-
tion. The spin directions in these ferromagnetic (FM)
planes are alternating along the [111] direction to have
the AFM phase. Upon heating, it shows a first order
transition to the FM phase at the transition tempera-
ture Tt ∼ 160 K through a small region of the interme-
diate state where both the AFM and FM components
are present [1,2]. Tt decreases with increasing magnetic
field or pressure [8]. The transition is accompanied by
the discontinuous suppression of volume and resistivity.
The GMR phenomenon is manifested in this region. Tt
also depends on the C stoichiometry. That is, with small
deficit of C (∼ 4%), Tt is reduced to 0 K and the AFM
region disappears [5]. GaCMn3 has the Curie tempera-
ture of TC ∼ 250 K. The magnetic moment per Mn is
µMn = 1.8 ± 0.1 µB at 4.2 K in the AFM phase, and
µMn = 1.3±0.1 µB at 193 K in the FM phase [5]. On the
other hand, the recent neutron diffraction study shows
that µMn ∼ 1 µB for both phases [2]. The relatively small
magnetic moment, as compared to other manganese in-
termetallic compounds, reflects that this system would
be described by the itinerant magnetism.
The spin configuration and the magnetic structure vary
in a complicated way by electron or hole doping in the Mn
antiperovskite system [6]. For effectively one-hole doped
ZnCMn3, the spin configuration becomes non-collinear
with the tetragonal magnetic structure, and the AFM
and FM phases coexist in the ground state [7]. This co-
existing phase is similar in nature to the intermediate
phase observed in GaCMn3 [1]. There is a first order
transition to the FM phase with TC ∼ 350 K. Car-
bon deficient GaC0.935Mn3 also has a similar magnetic
structure to ZnCMn3. For effectively one-electron doped
SnCMn3, the spin configuration is also non-collinear up
to TC ∼ 290 K with a complicated magnetic struc-
ture. Differently from the above compounds, SnCMn3
does not have a stable FM phase. On the other hand,
ZnNMn3 which has the same number of valence electrons
as GaCMn3 shows different magnetic structure and prop-
erties [9]. It also has an AFM phase in the ground state,
but no stable FM phase at higher temperature. Upon
heating, it shows a direct transition from the AFM to the
paramagnetic (PM) phase. Moreover, the AFM phase it-
self shows a different magnetic configuration. Spins on
the (111) plane are non-collinear with clockwise or coun-
terclockwise spin current configurations, and so the spin
moments in the plane are compensating each other. Spin
current directions in such (111) planes, that is, the spin
chiralities are alternating along the [111] direction [5].
The origin of such intriguing magnetic structures in an-
tiperovskite Mn compounds has not been addressed yet.
In this paper, we have studied electronic structures of
GaCMn3 and related antiperovskite Mn compounds such
as ZnCMn3, SnCMn3, and ZnNMn3. Band structures in
their PM phases indicate that the magnetic structures are
strongly correlated with the Fermi surface nesting. To
investigate the correlation between the magnetic struc-
ture and the Fermi surface nesting, we have evaluated
the susceptibility, and discussed the doping effects on the
susceptibility and the magnetic structure. We have also
studied the electronic structures of both AFM and FM
phases of GaCMn3 and compared them with that of the
PM phase.
We have used the linearized muffin-tin orbital (LMTO)
band method in the local spin density approximation
(LSDA). We include the valence band muffin-tin orbitals
1
up to d for Ga and Mn, p for C. Ga 3d state is con-
sidered as core state. We consider the cubic structure
with lattice constant a = 3.89 A˚ for all magnetic struc-
tures of GaCMn3. In reality, the AFM phase of GaCMn3
has slightly larger lattice constant than the FM phase by
about 0.1 % near the transition temperature [2]. How-
ever, such a small difference in the lattice constant gives
minor effect on the electronic structure. For the calcula-
tion of AFM structure, we have considered a doubled unit
cell along the [111] direction which is trigonal. Atomic
sphere radii of Ga, C, and Mn are employed as 1.5, 0.8,
1.4 A˚, respectively. To evaluate susceptibilities, we have
also obtained electronic structures of related compounds,
SnCMn3, ZnCMn3, and ZnNMn3, with lattice constants
3.99, 3.93, 3.89 A˚, respectively [6,9]. Because Zn 3d state
is located near EF, it is treated as valence band. The
other structural parameters are the same as in the case
of GaCMn3.
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FIG. 1. The total and atomic site projected local DOSs
of GaCMn3 in the PM phase. The DOS peak near −12 eV
which is mainly composed of C 2s state is not shown.
Figure 1 shows the total density of states (DOS) and
projected local density of states (PLDOS) of GaCMn3
in its PM phase. There exists strong hybridization be-
tween Mn 3d and two neighboring C 2p states, which
gives rise to the extended bonding states between −3 eV
and −7eV. Due to this hybridization, the band width of
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FIG. 2. The Fermi surface of GaCMn3 on the (110) plane
of the simple-cubic BZ. The arrow corresponds to the nesting
vector Q along the [111] direction.
Mn 3d states becomes wide so that the system behaves
as an itinerant electron system. At the Fermi level EF,
Mn 3d nonbonding states are located, and so the DOS at
EF is mainly due to Mn 3d states.
Band structure of GaCMn3 indicates that three bands
cross the Fermi level, forming the Fermi surfaces roughly
consistent with Ref. [10]. Figure 2 provides the Fermi
surfaces in the (110) plane of the simple-cubic Brillouin
zone (BZ). Noteworthy is the nesting feature along the
[111] direction, which is expected to be closely related to
the AFM ground state of GaCMn3. The size of the nest-
ing vector is Q = 9
10
ΓR. It thus reflects that the Fermi
surface nesting would induce the spin ordering along the
[111] direction with wave vector Q ∼ ΓR, resulting in the
AFM structure observed in GaCMn3.
In order to examine the nesting feature more clearly, we
have evaluated the susceptibility which would drive the
magnetic instability. The bare electronic susceptibility
χ0 can be obtained using the band structure output [11]:
χ0(q) =
1
N
∑
n,n′,k
f(ǫn,k)[1− f(ǫn′,k+q)]
ǫn′,k+q − ǫn,k
, (1)
where f(ǫ) is the Fermi-Dirac distribution function, ǫn,k
and ǫn′,k+q are the eigenvalues at k and k+q of the
first BZ with the band indices n and n′. Some ordering
such as charge or spin density wave is induced with wave
vector Q which maximizes χ0(Q). In this system, we
have considered only three bands crossing the Fermi level
to obtain the susceptibility.
Figure 3 shows the calculated susceptibilities of
GaCMn3 and related compounds, SnCMn3, ZnCMn3,
and ZnNMn3. In the susceptibility of GaCMn3, local
maxima are observed at point Γ and near point R. This
feature suggests that the FM phase with Q = 0 or the
AFM phase with Q ∼ ΓR would be stabilized depending
on the situation. The k point denoted by vertical arrow
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FIG. 3. The calculated susceptibilities of GaCMn3 and
related compounds. The vertical arrow denotes the local
maximum of the susceptibility in GaCMn3 with wave vector
Q = 9
10
ΓR. SnCMn3 and ZnCMn3 are effectively one elec-
tron and hole doped compounds respectively, and ZnNMn3
has the same number of valence electrons as GaCMn3.
in Fig. 3 corresponds to the nesting vector Q(= 9
10
ΓR).
Similar magnitudes of χ0 at points Γ and R indicates
that both phases are competing.
For one-electron doped SnCMn3, the susceptibility at
point Γ is much suppressed, suggesting that the FM
phase is unstable. This feature is consistent with the
experiment. In the case of one-hole doped ZnCMn3, the
susceptibility at point R is suppressed and local max-
ima are observed at other k points including Γ. It would
assist the appearance of complicated magnetic structures
other than the AFM structure in the ground state. As for
ZnNMn3, the substantial enhancement of χ0 is observed
at point R, whereas χ0 at point Γ is suppressed. This
feature is again consistent with the experimental result
that the AFM phase is stabilized upon cooling without
going through the FM phase.
We have also investigated electronic structures of
GaCMn3 both in the FM and AFM phases. Figure
4 shows the total DOSs of the FM and AFM phases
GaCMn3. In the inset of Fig. 4, total DOSs near EF
in both phases are compared. The high DOS in the PM
phase is suppressed in the FM and AFM phases, which
have 5.86 and 5.36 (states/eV) at EF, respectively (Table
I). It suggests that the FM and AFM phases are compet-
ing for the ground state. Total energy calculation indi-
cates that the FM phase has lower energy than the AFM
TABLE I. The calculated total and partial DOSs at EF (in
states/eV) and magnetic moments (in µB/f.u.)
Ntotal NGa NC NMn µtotal µGa µC µMn
PM 10.23 0.17 0.03 3.34
FM 5.86 0.16 0.06 1.88 4.69 −0.12 −0.12 1.64
AFM 5.36 0.17 0.05 1.71 0.00 0.00 0.00 1.79
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FIG. 4. Total DOSs of FM and AFM ground states of
GaCMn3. Inset compares the total DOSs of each magnetic
ground states including the PM ground state near Fermi level.
phase by ∼ 70 meV/GaCMn3. Thus it does not seem to
be consistent with the experimental result in which the
AFM phase is the ground state, but such a small energy
difference indicates that two phases are really competing
and even the stable phase would be susceptible to exter-
nal conditions such as temperature, pressure, magnetic
field, and C stoichiometry.
To explore the effect of unit cell doubling in the AFM
phase, the band dispersion along the [111] direction is
plotted in Fig. 5. For the comparison, the PM band
structure calculated in the same doubled unit cell is also
provided together (Fig. 5(a)). It is seen that the PM
bands in the original sc unit cell are folded around the
point P which corresponds to 1
2
R in the simple-cubic unit
cell. Noteworthy is that two bands crossing the Fermi
level along ΓR in the PM phase (represented by thick
solid lines) are split by ∼ 1.5 eV due to the unit cell
doubling in the AFM phase. Thus, by band splitting, the
DOS at EF is reduced, and accordingly the AFM phase
has effectively lower energy, which indeed is consistent
with the nesting scenario mentioned above.
Table I provides magnetic moments in each magnetic
phase. For the FM phase, the magnitude of Mn moment
µMn is 1.64 µB, whereas, for the AFM phase, µMn =
3
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FIG. 5. (a) The band structure of GaCMn3 along the [111]
direction in the PM phase. The dotted lines represent the
bands folded around the point P when the simple-cubic unit
cell is doubled along the [111] direction. The thick solid lines
correspond to the bands crossing the Fermi level. (b) The
band structure of GaCMn3 in the AFM phase along the line
equivalent to (a). Note the bands of thick solid lines which
are split by about 1.5 eV.
1.79 µB. The magnetic moment for the AFM phase is
in good agreement with experiment [5] µMn = 1.8 µB
at 4.2 K. As for the FM phase, µMn = 1.64 µB seems
to be overestimated as compared to the experimental
result µMn = 1.3 µB at 193 K. However, extrapolat-
ing the experimental value down to zero temperature
would yield the magnetic moment close to the calculated
one. To check the contribution of the orbital polariza-
tion to the magnetic moment, the LSDA+SO calculation
including the spin-orbit interaction has been performed.
We have found the negligible orbital magnetic moments
∼ 0.04 µB/Mn in both phases, which is consistent with
the itinerant nature of GaCMn3.
In conclusion, we have performed the first principle
electronic structure calculations on GaCMn3 and related
antiperovskite Mn compounds, SnCMn3, ZnCMn3, and
ZnNMn3. In the PM phase, GaCMn3 shows the Fermi
surface nesting with wave vector Q ∼ ΓR. The nest-
ing feature is confirmed by the calculated susceptibil-
ity. Various magnetic structures of GaCMn3 and related
compounds are well explained by the wave vectors which
give rise to the maximum susceptibilities. We have found
that the DOS at EF of AFM GaCMn3 is similar to that
of FM GaCMn3 which results in the competing ground
state phase. We have also demonstrated that the AFM
GaCMn3 is stabilized through the band folding effect.
The orbital moment of Mn is found to be negligible, as
expected in the itinerant magnetic system.
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